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“We believe ... that an understanding of a foreign educational system can illuminate 
one’s own...” (Griffiths & Howson, 1974). 

The purpose of this study was to use secondary analysis of a database known as the 
Third International Mathematics and Science Study (TIMSS) to examine the 
differences in a students’ opportunity to learn mathematics and science and the 
differences in classroom teaching practices and delivery of the curriculum and to 
investigate those variables associated with gender and socioeconomic equity in a 
students’ mathematics and science achievement. The aim was to investigate 
mathematics and science achievement of 13-year-old students from four countries 
who participated in the TIMSS study, Australia, Canada, England and the United 
States and to identify those aspects and practices of the educational systems in those 
countries that successfully promote student mathematics and science learning. Those 
factors associated with gender differences and socioeconomic differences were 
investigated using a multilevel model of analysis-that is, the random gender slope 
and the random socioeconomic status slope were both fully investigated. 

In order to achieve this goal, the Third International Mathematics and Science Study 
data were used and this study included the Australian, Canadian, English and US 
TIMSS data. The usefulness of this research for enhancing the scientific and 
technological skills of a country is established both in terms of the quality and the 
uniqueness of the data, the untapped potential of the data bases, advanced statistical 
techniques, previous research experience, availability of expert advice and resources, 
the identification of gender and socioeconomic issues and the problem of lack of 
equity in mathematics and science achievement. 

Theoretical Framework 

Gender differences in science achievement has been investigated in previous large scale studies 
(Keeves, 1973; Comber & Keeves, 1973; Kelly, 1978), some of these studies assumed that the data 
had been collected as a simple random sample and therefore ignored the stratification of the sample 
by state/territory and school type (government. Catholic and independent) and the multilevel nature 
of students clustered within classes and schools. Although these studies have looked at science 
achievement they have not considered the mathematics achievement of the students. A distinctive 
methodological feature of the present research is that it employed methods of analysis which 
acconomodated both the complex sample design and the multilevel nature of the data. Young 
conducted such analyses with the Second International Science Study (Young, 1991; Young & 
Fraser, 1993) investigating the random gender slopes and possible explanatory variables. However, 
this data was collected in 1984 and does not reflect the current state of affairs, nor does it consider 
the mathematics achievement of the students. 

In most research, the areas of teacher effectiveness and school effectiveness have been investigated 
separately (Stringfield & Teddlie, 1991; Teddlie, 1991). Teacher effectiveness studies have been 
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concerned only with what goes on in classrooms and deals more productively with what teachers do 
than what they are like personally since the links between teacher characteristics and student 
achievement are apparently quiet tenuous (Organisation for Economic Co-operation and 
Development, 1989). Lee, Dedrick and Smith (1991) suggested that the appropriate way to 
conceptualise the link between schools and students, is to see it as mediated by teachers. They see 
teachers’ perceptions and practices affecting student learning and focus on the way in which school 
organisation influences teachers’ efficacy and satisfaction. Murphy (1989) concluded that the school 
environment provides the model for all learning, academic, social and emotional, though the major 
impact in school comes from the interactions and relations between the teacher and the learner. 

Mortimore and colleagues (1988) reported that teachers in effective schools were involved in 
whole-school curriculum planning but developed their own curriculum guidelines. Within their own 
classrooms, they ensured that the school day was given structure. They provided a framework in 
which pupils could work and at the same time encouraged them to exercise some independence and 
choice of work within the framework. The classrooms have a businesslike and purposeful air. Much 
time is spent discussing the content of work and time for feedback is considered essential. 

Results from the International Association for Educational Achievement Classroom Environment 
Study (Anderson, Ryan, & Shapiro, 1989) indicated that quality of instruction directly influenced 
academic gain. The results of this study also showed that students’ ‘Opportunity to Learn’ (OTL) 
varied greatly, both between countries and classrooms within countries. Within country OTL 
variance of over 300% was common and that regardless of country, students who spent more time 
engaged in learning activities showed more academic gain. Bumstein, (1992) in a study of the 
Second International Mathematics Study (SIMS), found that the one variable for which the study 
was able to produce an unequivocal finding was Opportunity to Learn. The more exposure to 
mathematics and science content the students had, the higher their achievement. 

Much stronger apparently than how content is delivered is that it is 
delivered. While students will not learn all they have been taught, they have 
to be incredibly resourceful to learn mathematics to which they have not 
been exposed. (Kifer & Burstein, 1992, p. 339) 

The conceptual framework for this study encompassed the student’s home background, school 
characteristics and environments, and national context in relating student mathematics and science 
achievement with opportunity to learn and instructional practices. The Third International 
Mathematics and Science Study provided an opportunity to investigate gender and socioeconomic 
differences in mathematics and science achievement, and how they may be explained by variables at 
the classroom, school and home levels. 

Specific Research Questions 




1. How do gender and socioeconomic differences in student performance 
in mathematics and science differ across countries? What school, 
teacher and home influences tend to explain these? 

2. Which educational indicators are associated with equitable student 
outcomes in mathematics and science education? 

3. How is student achievement in mathematics and science influenced by 
opportunity to learn and instructional practices? 



J 



2 



Gender and Socioeconomic Equity in Science and Mathematics Education 



Research Plan, Methods and Techniques 

Third International Mathematics and Science Study (TIMSS): Data Base and Facilities 

The purpose of the proposed study was to investigate the relationship between school, teacher, 
student and instructional practices with respect to gender and socioeconomic differences in student 
outcomes in mathematics and science. For this purpose, the most up-to-date and comprehensive 
database collected in Australia, Canada, England and the US was used - the Third International 
Mathematics and Science Study (TEMSS). 

The Third International Mathematics and Science Study is a comparative, international study of 
science and mathematics .education. The goal of TEMSS was to develop a better understanding of 
the major attributes of science and mathematics curricula, teaching practices, and students’ learning, 
as well as a better understanding of the linkages that exist among these components. TEMSS is 
designed to describe, explain, compare and contrast the current status of mathematics and science 
education in countries around the world. It is particularly useful to have a study incorporating 
mathematics and science together as thus provides researchers with a unique opportunity to compare 
mathematics and science achievement using the same set of students. Previous studies separated 
mathematics and science data collections into different samples of students. 

Comparative Studies 

For the TEMSS, the explanation of student achievement in mathematics and science was the primary 
goal. Describing and explaining educational acliievement is compounded when considered across 
international settings and information about the schools sin these two countries allows this to be 
accounted for. An international context is a particularly valuable one for considering the 
importance of variables that might account for inequities in mathematics and science achievement. 
Studies that cross national boundaries provide participating countries with a broader context within 
which to examine their own implicit theories and values and their concomitant practices. As well, 
comparative studies provide an opportunity to study a variety of teaching practices, curriculum 
goals and structures, school organisational patterns, and other different arrangements for education 
that might not exist in a single Jurisdiction. 

Sample Design 

The Third International Mathematics and Science Study (TEMSS) sampled students from three 
population groups in 45 countries. For the purpose of this study, the second population group, 
thirteen-year-old students, wass used. The countries that have been selected for this study are: 
Australia, Canada, England and the United States. These countries were selected on the basis of 
their overall achievement in mathematics and science ranging from having very high mean country 
results to much lower results. 

There are often several curricular streams within a system and these streams may occur between or 
within schools. It is important to be able to describe the variability of students outcomes that is a 
characteristic of students, of classes and of schools. To be able to do this, the sampling must permit 
the disentangling of the sources of variation. In this study, the classrooms are a unit of sampling and 
more than one classroom was sampled from each school. 

The teachers who were included in this study are all high school mathematics and science teachers. 
Students in this study are from both private and public schools, from both single-sex and 
coeducational schools (See Table 1 for sample size). 
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Table 1. Sample of students and schools by country. 



Country 


Students 


Schools 


Australia 


7253 


161 


Canada 


8362 


364 


England 


1776 


121 


United States 


7087 


183 



Statistical Procedures Used to Investigate Hypotheses 

Each of the specific research questions were investigated using statistical procedures, such as 
univariate analysis, multiple regression, analysis of variance and multilevel analysis procedures. 
Additionally, this study incorporated Rasch Analysis in order to examine individual test items for 
their usefulness in measuring student performance in mathematics. The aim was to establish a 
model linking each of the variables known to influence student achievement into a single holistic 
picture for all students irrespective of gender or socioeconomic status. 

The experiences that children share within school settings and the effects of these experiences on 
their development might be seen as the basic material of educational research. Until recently, few 
studies have explicitly taken account of the effects of the particular classrooms and schools in which 
students and teachers share membership. The grouping of students, classes and schools occurs in a 
hierarchical order with each group influencing the members of the group in thought and behaviour 
(Raudenbush, 1988). The nature of these hierarchical structures produces multilevel data. The 
multilevel analysis used in this study addressed the problem of quantitative studies of schooling that 
fail to reflect the hierarchical, social organisation of schooling. 

The response variables for this analysis were mathematics and science achievement. The multilevel 
analysis combined all of the possible explanatory variables under investigation here and revealed 
how they combine to influence student achievement. The explanatory variables include; 
socioeconomic status, gender, opportunity to learn,. classroom teaching practices and other school 
background variables. Student and school composite scales consisted of items which were 
categorical, not continuous. Additionally, these items varied in their loadings which indicated that 
confirmatory Factor Analysis was crucial to the effective construction of the composite scale. For 
the purpose of this research, the Coefficient of Detrermination was used as the measure of 
reliability. The method used was based upon Werts, Rock, Linn and Joreskog (1978). 

The amount of variation in estimates of variables affecting academic achievement across different 
levels of analysis cannot be ignored by serious educational researchers. Traditional linear models 
on which most researchers rely require the assumption that subjects respond independently, yet 
most subjects are ‘nested’ within classrooms, schools, districts, states, and countries so that 
responses within groups are group dependent. To ignore the nested structure of this type of data 
will ultimately give rise to problems of aggregation bias and imprecision (Raudenbush, 1988). The 
Hierarchical Linear Model provides an integrated strategy for handling problems such as 
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aggregation bias in standard error estimates and erroneous probability values in hypothesis testing 
of school effects (Bryk & Raudenbush, 1992). 

Table 2. Variables in the Model 



Variables 


Description 


Achievement 


Mathematics Achievement score estimated using 
the Rasch Model 

Science Achievement score estimated using the 
Rasch Model 


Gender 


The sex of the student coded 1 for females and 2 for 
males 


Socioeconomic Status 


Student socioeconomic status consisted of mothers 
and fathers education, number of books in the home 
and English speaking background 


Opportunity to Learn 


Schools reported on the amount of time students 
were exposed to mathematics and science lessons 
each school week 


Teaching Practices 


Teacher Directed 


These classes are highly teacher oriented with 
students having minimal interaction 


Practical Work 


In these classes the students are engaged in a lot of 
practical activities and group work 


Real Life 


The teacher uses problems and examples that are 
related to everyday life 



The Three-Level Multilevel Linear Model 

Traditional linear models on which most researchers have relied upon, require the assumption that 
errors are independent, yet most subjects are ‘nested’ within classrooms, schools, districts, states 
and countries so that responses within groups are group dependent. To ignore the nested structure 
of this type of data ultimately will give rise to problems of aggregation bias (within-group 
homogeneity) and imprecision (Burstein, 1980; Raudenbush, 1988). 



The Multilevel Linear Model provides an integrated strategy for handling problems such as 
aggregation bias in standard error estimates and erroneous probability values in hypothesis testing 
of school effects. For this study, MLn was chosen as the software program appropriate to study 
school and student effects relating to student outcomes (Woodhouse et al., 1995). Research on 
school effects has previously been conducted with a set of data analysed at the individual student 
level, with the assumption that classrooms and schools affect students equally. However, when the 
effects vary among individuals and their contexts, this type of statistical analysis can be misleading 
(Bryk & Raudenbush, 1987). Ordinary least squares analysis provides information about the total 
variance, but can only break this total variance into the between- and within-school effects. The 
between-school effect may be influenced by school level variables, such as the affluence of the 
school. This study endeavoured to explain variations in student outcomes by first decomposing 
observed relationships into between- and within-school components. 
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Previous studies have shown clearly that educational researchers need to account for the inherent 
multilevel structure of data collected from schools and this literature includes Mason et al. (1983), 
Bosker and Scheerens (1989), Bryk and Raudenbush (1992) and Goldstein (1984, 1987, 1995). 

The Unconditional Statistical Model 

In this study, the use of the multilevel linear model involved the single cross-section of data with a 
three-level structure consisting of students (Level 1) nested within classes (Level 2) nested within 
schools (Level 3). This study involved four countries, Australia, United States, England and 
Canada. 



The simplest model was used, first, that is, the fully unconditional. model with no predictor variables ' 
specified. The outcome measures, science and mathematics achievement, were free to vary across 
three different levels of analysis: student, class and school. This model is described below in 
Equations 1, 2 and 3. 



Student-Level Model. Science/Mathematics Achievement for each student was estimated as a 
function of the class average plus random error: 



Ach,y^ = TtQjj^ -I- e,y^ Equation 1 

where 

Ach,y^ represents the Science/Mathematics Achievement of each student i in class j 
and school k. 

TtQji^ represents the class mean Science/Mathematics achievement of class j in school 
k. 

Cijk represents the random error of student i in class j and school k 
/ = 1, 2, 3, . . ., njjc students in class j and school k. 
j = 1,2, ...J^ classes within school k, 
k= 1, . . ., K schools. 



Class^Level Model. Science/Mathematics achievement classroom mean varies as a function of 
the school mean plus random error: 

'^jk - Poo* + Equation 2 

where 

Poo* represents the mean Science/Mathematics achievement in school k. 

TQjk represents the random error of class j within school k 

School-Level Model. Science/Mathematics school mean achievement varies randomly around a 
grand mean for all schools. 



Poo* “ T000+ lk)0* Equation 3 

where 

TOOO represents the grand mean Science/Mathematics achievement for all schools. 
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^00^ represents the random school effect, the deviation of school k’s mean from the 
grand mean. 

This three-level model partitions the total variability in the outcome measure, 

Science/Mathematics achievement, into its three components: students within classes (a^), 
classes within schools (Xn) and between schools (xp). 

Three Conditional Statistical Models 

Upon estimation of the unconditional model, three further conditional models were estimated in 
order to investigate the effects of the student sex, student socioeconomic status, oportunity to leam 
and different teaching practices (Teacher Directed, Practical Work and Real Life). Additionally, 
these models were estimated separately for science and mathematics achievement. The three 
generic statistical equations are presented below (Equations 4 to 7). 

+ 7t2y/;(SES)y^ 

Tk)jk = ^OOk + ^Qjk 
'^Ijk = PlOO 
'^jk = P2OO 

PoO^ ~ TOOO/+ 1^0/: Equation 4 



Achijk = TiQjk + nijk(GcndcTij0 + K2jk(SESij0 + 7t3y^(OppLeamy^) 

'^jk = Poo^ + rqy^t 

'^Ijk = PlOO 

'^jk = P200 , 

'^3jk ~ P3OO 

POO^ = TOOO/+ . IM)0k Equation 5 

~ ^0/k ^jk(^^^ij7c) 

+nsjk(Practicalij0 +n6jji(RealLifeij0 + 

Tktjk = Poo^ + rqy^ 

'^Ijk = PlOO 

'^jk = P200 

T^Zjk = P3OO 

'^djk = P4OO 

T^Sjk = P5OO 

'^6jk = Peoo 

PoOyt = TOOO/+ IM)0k 



+ 7t3y^(OppLeamy;t) + 7t4y^(TeachDiry;^) 



Equation 6 
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Table 3: Three level unconditional variance components model 
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Results 

Firstly, the variation in student science and mathematics achievement was decomposed at the three 
levels; school, classroom and student. Secondly, two student level variables, sex and socioeconomic 
status were included in this three level model. Two further models were analysed, one adding 
students opportunity to learn to the previous model and one adding the three teaching practices. 
Teacher Directed, Practical Work and Real Life. The variance estimates and standard errors for all 
countries and for both science achievement and mathematics achievement in these four models are 
shown in Tables 3, 5, 7 and 9. 

The percentage of variation explained by these models is reported in Tables 4, 6, 8 and 10. For all 
four countries, most of the variation in science and mathematics achievement. in the unconditional, 
model is explained at the student level. These results indicate that little of the variation in 
achievement is explained at the school level with the exception of science achievement in Canada 
where 25.9% of science achievement is explained at the school level. In England, 15.4% of the 
variation in mathematics achievement is explained at the school level, which is also considered 
high. 

Effect of Student Background Variables on Student Achievement 

For Australia, most of the school level variance in achievement is explained by the inclusion of 
student background variables in the model, 97.1 % for science and 97.2 % for mathematics. In the 
United States (86.5%) and England (89.1%), this is true for science achievement but the percentages 
are lower for mathematics achievement. United States (51.76%) and England (46.6%). The results 
for Canada are the reverse, only 32.6% of the variation in science achievement at the school level 
are further explained by student background variables, and 77.0% of the variation in mathematics 
achievement. The results in Table 4 show that the effects of gender and SES are all strong and 
significant (significant being greater than two standard errors). 

In Australia and the United States, very little of the student level variance in science achievement is 
further explained by gender and SES. In Canada, 45.15% of the student level variance in science 
achievement is further explained by gender and SES, and 41.6% of the student level variance in 
mathematics achievement. In England, 20.75%. For science achievement, and 39.6% for 
mathematics achievement. These percentages are high when compared to those for Australia 
(26.1%) and the United States (13.3%). 

Effect of Student Opportunity to Learn on Student Achievement 

The effect of Opportunity to Learn on student achievement was analysed by adding this variable to 
the model (Table 7). These analyses showed that opportunity to learn had a strong and positive 
effect on student achievement in both science and mathematics. Opportunity to learn was a measure 
of the number of hour’s exposure that students had to science and mathematics in a week. 

The amount of unexplained variance further explained by adding opportunity to learn to the model 
differs across countries. At the school level for each country there is very little or no further 
variance explained. At the class level for Australia, the United States and England a large amount of 
unexplained variance in science achievement is further explained by adding opportunity to learn to 
the model. In Canada only 8.1% of the variance in science achievement is further explained at the 
class level. All four countries are similar in the amount of variance further explained in mathematics 



§ 



I 

c 

.1 

Co 



§ 

c 

8 

Co 

sr 

Q 

i>« 

sr 



a. 

o 

6 

o 

>■ 

3 

o 

<■ 

c/3. 

O 



cd 

B' 

o 

x: ■ 

■w 

cd' 



c 

o 

s 

<D 

> 

o 

3 

o 

< 

o 

o 

a 

3 

*o 

00 



TD 

<U 

c 

3 

3. 

X 

U 

(D 

O 

C 

cd 



s ^ > 



o 

W) 

cd 

4-^ 

c 

<u 

a 

o 

CL, 



<U 

c 

3 

3 

X 

<u 
o 
a 
. cd 



<u 

W) 

cd 

■w 

'C 

(t> 

a 

o 

CL, 



Cd 

■a 

C3 

C 

Cd 

u 



W) 

c 



S 

CO 

•u 

w 

’E 
D ■ 



.2 

"cd 

Im 

to 

< 



Cd 

’X3 

cd 

c 

cd 

u 



c 

Cd 






-o 

0^ 

*s 

D. 






V) 



e/3 


03 




•o 


79 


o 


.5 


s 




E 


O 


o 




•o 


03 


a 


> 


Cd 







00 

cs 



o\ 

lo 



<o 

q 

cs 

fO 



oo 

q 

m 

o 

q 

CO 

I 



VO 

VO 

q 

oo 

00 

q 

CO 



VO 

o 



Ov 

VO 

CO 



CO 



oo 

oo 

O) 

cs 

I 



o 



q 

CO 



c 

o 

u 



•o 

o 



’O 

<u 

£ 







/-*N 




/-*N 


/-*N 


/-*N 




00 


00 

o 




o 

s 


8 


s 


o 










’-H 


q 


\._*y 




N.O 




O' 




sO 




OV 






VO 


o 


VO 


o 


r- 


f-H 




o 


»o 


in 


q 


q 


q 




q 














/-N 




/-*s 


^~s 


/— s 






cs 


S' 


VO 


CO 


»«-< 


CO 




o 


CO 


CO 


VO 


o 


r-' 




q 


q 


q 


q 


cs 


o 




nO 


nO 


O' 










oo 


IF— 4 


CO 


ra^ 


ov 


t^ 




ov 


4~4 


—4 


CO 




CO 




q i 


q 


q 


q 


q 














z'— N 












oo 


UO 


f— ^ 




r—4 


— H 


o 


oo 


O' 


o 




o 


OO 


ov 


q 


q 






q 


q 


q 










O' 


vO 


O' 


VD 


'd' 






o 


CN 


VO 


r-' 


ov 


cs 




oo 


CO 




q 




q 




q 


\q 


q 
















o 




Ov 




o 


OO 


f— ^ 


r-' 


o 






o 


ov 


o 


q 




q 




q 


q 


4-H 












sO 




ov 




oo 




o 




oo 


ov 


o 


oo 




o 


o 


ov 


q 


q 


q 




q 




q 
















U-3 


ov 






>r> 


in 


VO 


VO 


o 


o 




»r> 


o 


CO 


q 


q 


t-H 




q 


q 


q 










sO 


O' 


sO 




oo 






ov 


VO 


in 


<N 


VO 






Ov 


IT) 


VO 


q 




q 






q 


















CO 


ov 


r- 




CO 




VO 


u-3 


oo 


oo 




O 


o 


o 


q 


q 


1-H 




q 




q 










sO 






VO 


VO 


in 


; ;• 




in 




ov 


VO 


VO 






T-H 


O 


q 


q 


q 




q 


q 


q 
















o 


O 








z'^ 




VO 

q 


s 


CO 

q 




o 

o 


o 


O 

o 


'w' 








o 


o 


CN 


Ov 


oo 






v_*z 


v_*z 




00 




o 




o 


o 




q 


q 






o 




ov 










q 


q 


















VO 


VO 


CO 






z’-^ 


z’-^ 






cs 




o 


ov 


CN 


q 


q 


q 




o 




O 




O' 


O’ 




q 


o 


q 


ov 


i-H 


o 




Vaaz' 


v_*z 


O' 


o 


00 


00 






Tt 




T— H 


q 


q 




o 


VO 


o 










q 


q 


■rr 






E 














O 














o 














w 






w 












c 


C 


c 










iS 


2 


Cd 






*s 




C/) 


C/) 


tn 






3 




C 


c 


C 




Ui 






o 


o 


o 




03 

'O 


O 




U 


U 


U 


CO 


c 


O. 










CJQ 


03 


O. 










CO 


a 


O 












































■8 




























s 

O 


'o 

o 


eo 


c 

03 

XJ 








•o 


X 

o 


cd 


a 








c 

cd 


CO 


U 


CO 

















c 

Ui 

Cd 

c; 

p 



C 

s 

Ui 

o 

0U 

CU 

o 

c 

c; 

s 

CO 

pO 

c; 

d 



a, 

X 

Qi 

c 

.2 

*S 

Cd 

> 

c; 

OX) 

Cd 

c 

Qi 
U 
Ui 
Qi 
Clh 
• • 
00 

3 

3 

Cd 

H 



c 

D 

s 

D 

> 

O 

3 

o 

< 

c/3 

o 



I ^ 

s 

0> 

-C 

1 3 



TD 

D 

C 

3 

3 

X 

W 

D 

O 



•X > 



D 

00 

Cd 

c 

<u 

d> 

a. 



TD 

<U 

c 




CU-. 



Cd 

■a 

Cd 



U 



*o 

c 

00 

c= 



W 







so 

'E 



03 

•o 

o 

s 

o 

-o 

c: 

Cd 



d 



00 

vd 



q 

00 



00 

CN 



vd 



O 



uo 

CO 



o 



c: 

Cd 



c 

o 



U 



o 

o 

X 

o 

00 



0\ 


Tf 


00 


id 






q 


q 


00 


XT 




CN 






q 


q 


od 


OC3 


q 


q 


in 


ov 




lO 

o 




o\ 


00 








O) 




CN 




CO 


CN 






q 


q 


ov 


CN 


CO 


CO 






q 


q 


id 


id 


CO 








c 


c 


Cd 


Cd 


GO 


GO 


c 


c 


o 


o 


u 


u 








c 


GO 


03 




•o 


0 


3 

55 



s 



CjD 




LT5 



Gender and Socioeconomic Equity in Science and Mathematics Education 



\ 

i -ix* 

■ G 

■ O 

■ B 
o 

> ^ 

(D O 

• • 

• x: ^ 
<-> 

B 

cS 

.... e 

: rt 

; E W 

o 

r- 

■ -i-J 

i a 



CO 

o 



G 

0 

1 ^ 

< 6 

o *r 5 

O 00 
C ^ 
OJ 

’o 

00 



o . 

ERIC 



</) 

u 

%»* 

u 

OS 

&£ 

C 

2 

CQ 

<» 

H 
• • 

<ss 

S 

=j 



rt 

■o 

C3 

C 

rt 



C i 
C 3 ! 

"Sb 

W ■ 



CO 

T3 

w 

*C 

D 



c; 

hi 

00 

3 

< 



T3 

C 

CJ 



ON 



to 

VO 



c o 
W O 



0 

T3 

01 

’c 



a 

hi 

c/3 

3 

< 



oo 

ON 

cn 

cn 

VO 

i <N 



o 

E 

« 

u. 

C3 

O. 



c 

< 



1 












oo 


oo 


CO 


r*** 


o 

q 


s 


q 


o 

q 


VO 












ON 




to 


to 




VO 


CO 


VO 


CN 


VO 


q 


q 


q 


to 

r 


q 






/— N 


/— N 


/— N 


O^ 


r- 


00 


'q 


CO 


00 


00 


r- 


o 


r*^ 


q 


q 


q 


q 


q 








'*q 




r- 


ON 




CN 


VO 


ON 


G- 


VO ; 


CO 


CO 


q 






VO 


q 


N 




■| 








S 


CN 


O 




OO 


o 


O 


o 




q 




q 


q 








v^v 






r- 


ON 


ON 




o 


ON 


o 


00 


to 


o 


q 


q 


q 


q 

1 


q 


N 


N 


N 






ON 


r- 




o 


CN 


r- 


q 


C3N 


CN 


VO 


q 




q 


q 


q 


V ^ 








v^v 


ON 






o 


o 


ON 


o 


o 


CN 


r' 




q 


q 
















00 


VO 


o 


On 


<7n 


tn 


CO 


CO 


CO 


(On 


q 


q 


q 


q 


q 


N— ' 


N— ' 








ON 


ON 


OO 


On 


CO 


ON 


VO 


oo 


ON 


o 


q 


q 


q 


q 

1 


G; 












r<H 


CO 


r<H 


VO 




to 


o 


CN 


CO 


O 


q 


q 


q 




q 












o 


oo 


oo 


CN 


On 


o 


ON 


to 




oo 


G- 


o„ 




to 


O 




/■^ 








oo 


F-H 


oo 


oo 


O 


r- 


o 


On 


oo 


VO 


q 


1— < 


q 


q 


q 












VO 


1-H 


VO 




CN 


o 




O 


OO 




CO 




CN 


CN 






s 








VO 


O 


VO 






to 




to 


CO 


CN 


q 


q 


q 


q 


q 


s,^ 


s,^ 












r<H 


to 




oo 


CO 


ON 


VO 


CO 


O 


VO 


G* i 


1 


o 






c 

H 










3 

O 










X 


T3 

O 








o 


o 


Fi-i 

Ut 






*c 


o 

Ui 

5 


O 






3 


Ui 


"E 


CO 


o 

T3 

3 


Ui 

O 

cx 


O 

X 

o 

C3 


o 

o 


PQ 


<D 


cx 


o 


cd 

i_ 


CO 


a 


o 


H 


CL 



VO 

q 

'w' 

On 

CN 



ON 

o 

q 

00 

oo 



lo 

o 

q 

oo 

On 

O 



oo 

O 

q 

00 

o 



o 

m 



oo 

to 

q 

cn 

m 

CN 



ON 

o 

q 



cs 

o 



o 



a 

o 



U 



c 

I 

o 

> 

o 

• 

x: 

o 

< 

CO 

o 

• 

S 

<u 

*£ 



nd 

<u 

c 

• 1pi^ 

iS 

'E. 

X 

W 

(U 

o 

.1 

c3 

> 

0) 

bJO 

c3 

4— > 

c 

(U 

o 

u< 

o 

CL, 



u 

C3 

Cl^ 

bC 

C 

o 

c: 

0^ 

H 

T3 

C 

'a 

X 

0^ 

Qi 

U 

G 

.2 

*E 

a 

> 

<ii 

bD 

S 

C 

c<> 

Cm 

• « 
O 

V= 3 j 

M 



li 



T3 

0) 

G 

'Hh 

X 

W 

o 

o 



a 

*3 

<« 

C 

C3 

u 



TD 

C 

-2 

00 

c 

PQ 



o 

2 

"O 

w 

’£ 

D 



rt 

"E 

c/3 

3 

< 



CCJ 

T3 

C3 

C 

CQ 

u 



T3 

C 

jrt 

00 

c 

W 



c 



G . . § 

’i 

> 



0) 

o 

G 

<D 

• ^ ■ 
O 
00 



0) 

bX) 

G 

-w 

G- 
. O 

B 

<D 

Cl, 



B 

2 

w 

T3 

O 

*C 

D 



.2 

*3 

b- 

c/3 

3 

< 



O 

o 

£ 



CC 



o 



G; 

to 






ON 

cs 



o 



oo 

CN 



oo 

CN 



ON 



00 

CN 

CN 



O) 



o 



oo 

tri 



o 



oo 

CN 



r- 

cn 



c 

2 

c/3 

c 

o 

U 



c 

2 

c/3 

c 

o 

U 



« 

c 

< 



o 

> 



o 

T3 

O 



E 

o 

•a 

c 

C 3 



o 

o 

X 

u 

r/5 



00 



CN 

ON 



CN 



vd 



q 

cn 



tu 

m 

2 

< 

$ 

o 

o 

§«==> 

CO 



ON 



c 

o 

U 



o 

TD 

a 

oo 



Gender and Socioeconomic Equity in Science and Mathematics Education 



achievement (Table 8). There is a lot of further variance explained at the student level for all 
countries for science achievement and in England for mathematics achievement. These results are 
all reported in table 8. 

Effect of Teaching Practices on Student Achievement 

The teaching practices for each of the four countries were categorised into three variables. Those 
teachers who were very dictorial and used the more traditional teacher centred approach in their 
classes were categorised;,‘Teacher Directed’. Those teachers who employed a. lot of practical. work 
and investigation and group work in their classes were categorised ‘Practical Work’. The teachers 
who made every effort to include in their lessons situations that related to realTife and to relate the 
learning to every day were: categorised. ‘Real Life’; 

The effects of the different types of teaching practices were analysed by including the three 
categories to the model. Teacher Directed practices had a negative effect on both science and 
mathematics achievement and this was strong and significant. For all countries in this study the data 
show that teachers who employ these methods have students who are not achieving as well as 
others. The effect of Practical Work and Real Life both had strong, positive and significant effects 
on student achievement. The two exceptions, the United States and England, did not have a 
significant effect for Practical Work although this effect remains positive (Table 9). 

The percentage of variance further explained at the school level is only evident in Canada for 
mathematics achievement (11.4%). For all other countries there is no further variance explained at 
the school level. At the class level, the amount of unexplained variance was reduced by 
considerable amounts for both science and mathematics achievement (See Table 10). Canada had 
the lowest percentage reduction for mathematics achievement (5.4%). The unexplained variance at 
the student level is further reduced for all of the countries in the study. Of particular interest is the 
United States with 22.8% of the variance further explaine;d for mathematics achievement. 

Discussion 

This study involved a comparison of four countries, Australia, England, the United States and 
Canada. The outcome measures investigate were student science and mathematics achievement. The 
multilevel linear model was used to combine the variables under investigation and to proportion 
variance in student achievement at the three levels; school, class and student. The unconditional 
three level model showed that most of the variance in student achievement was accounted for at the 
student level but significant percentages were also explained at the class level. Canada was one 
exception with 25.9% of the total variance in science achievement being explained at the school 
level and England another with 15.4% of the total variance in mathematics achievement being 
explained at the school level. These results demonstrate the need to use a multilevel approach to 
explaining variance in student achievement and that generalisations cannot be made across 
countries. 

The literature indicates that student gender and socioeconomic status account for a degree of 
variance in student achievement and this study has shown that most of that variance is explained at 
the student level. Of the school level differences, most of these were explained by the inclusion of 
gender and socioeconomic status in the model but overall these were small in explaining differences 
in student achievement. Canada and England stand out as being different from Australia and the 
United States as they much have higher percentages of variance further explained by gender and 
SES at the student level. 
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Kifer and Burstein (1992) believed that the more exposure students had to learn the more sucessful 
they are likely to be. To this end the next model of analysis included the variable Opportunity to 
Learn. These data support this belief. All the results for all countries were positive and significant, 
the more exposure to science and mathematics the better the achievement levels. The variance 
further explained at the three levels showed differences between the countries. Australia, the United 
States and England showed more variance further explained at the class level than Canada (See 
Table 8). There was no unexplained variance at the school level in science achievement for both 
Australia and England where other countries had some unexplained variance at this level for both 
science and mathematics achievement. These differences show the need for further studies to 
understand what is happening in schools in other countries and to investigate further the reasons for 
some countries to have more unexplained variance at different levels; 

As students are clustered in classes, it is necessary to consider the class as a unit of analysis and also 
to investigate the effect of the teachers beliefs and practices in teaching in the class. These data 
showed three teaching practices that were evident by the results of the univariate analysis. The 
analysis that included these variables in the model revealed that the teaching practices in these four 
countries had similar effects on student achievement. All were strong and significant effects with 
Teacher Directed being negative. Students from all four countries performed better in classes where 
the teacher was more student centred and relevant. The results do indicate that teaching practices are 
influential on student achievement. 

These independent variables included in this analysis do not explain all of the variance in student 
achievement. Further study into the teaching pedagogy is required to further explain what is 
happening in these classrooms and how this is impacting on student achievement. This study is 
limited in that the teaching practices have been categorised into three variables on the basis of 
student responses. A study of this nature can be enhanced by qualitative investigation into selected 
classrooms to see a picture of what is happening. 

A study such as TIMSS provides an unparalleled opportunity to compare and contrast the common 
and unique features of education systems. Although a survey such as TIMSS can never definitively 
explain student achievement, it can explore the plausibility of many hypothetical reasons for it; 
perhaps eliminating some and lending support tO others. Insights into the possibilities of educational 
practice should lead to the improvement of education. 
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